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MENT OF SCIENCE. 
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STEEL MAKING—Mr. BESSEMER AND Mr. MUSHET. 
In the Mechanical Section a paper, by Mr. R. MusHet, “ On the 
eatment of Melted Cast Iron, and its Conversion into Tron and 
eel by the Pneumatic Process,” was read by the Secretary, in the 
sence of Mr. Mushet. After some introductory remarks, describ- 
ng a patent taken out by the late Mr. David Mushet for the manu- 
cture of retined iron direct from the blast furnace, the paper stated 
hat the defect in this process was that the waste of metal was ex- 
essive, Owing, no doubt, to the surface action of the blast upon the 
nelted iron for a prolonged period. The iron, however, was decar- 
onised, so as to be in the condition of crude cast steel, but it was 
00 highly oxygenated to be forged into bars of commercial value. 
his, the writer believed, was the first experiment ever made; but 
the year 1850 he made some further experiments, with some highly 
blown refined iron from the Parkend Ironworks, in the Forest of 
Dean, and found that when alloyed with manganese this refined 
metal could be forgéd into sound bars of very hard steel—too hard 
or any practical purpose, but nevertheless solid, and free from seams 
br flaws, indicating that if the iron could be sufficiently decarbonised 
hilst in this melted state, steel of marketable quality might be ob- 
ained by simply adding some metallic manganese to the decarbon- 
sed metal. Inthe autumn of 1856 Mr. Henry Bessemer read a paper 
ta meeting of the British Association, held in Cheltenham, which, 
hilst it filled the scientific as well as the practical world with won- 
fer, did not in the least surprise him (Mr. Mushet), except in the 
ircumstance of its being possible to maintain a tuyere beneath a 
heavy column of melted cast iron. What he had considered impos- 
ible had actually been accomplished by Mr. Bessemer, and the first 
reat advance towards rendering steel as cheap as iron had been 
made. After describing Mr. Bessemer’s process of operation, the 
aper stated that when Mr. Bessemer read his paper he foresaw all 
e difficulties he would have to encounter from the oxygenation 
f the iron, although he knew that the remedy was simple and at- 
ainable, providing a suitable metal could be found at such a cost, 
ad in such quantities, as would render its use practicable on a large 
ale, At last he selected the metal manganese, and his first experi- 
ent was with some Bessemer metal, prepared at the Victoria Iron- 
yorks from hematite pig iron, The experiment was made in small 
rucibles, containing ouly a few ounces, the Bessemer metal being 
elted in one crucible, and the spiegeleisenin another. The melted 
mtents of the crucibles were next mixed, and a small ingot was 
ast. This ingot was forged into a bar of excellent cast steel, which 
as doubly welded, and made into a chisel, and it was found, for 
ll practical purposes, to be cast steel of fair average quality. He 


en extended the scale of his experiments, and operated with steel | 
elting pots, each containing from 40 to 50 lbs. of Bessemer metal, | 


nd melting the spiegeleisen in small crucibles. The most complete 
iccess resulted from these experiments, and Mr. 8. H. Blackwell 
AVing subsequently supplied him with a small blowing engine, ca- 
ble of maintaining a blast of 101bs. pressure per square inch, he 


erated upon quantities of melted cast iron of from 500 to 800Ibs., | 


hd with similar success, the Bessemer metal being wholly freed from 
hsoundness, red-shortness, and other defects, which had precluded 
8 being forged or rolledintoa marketable product. 
vention by letters patent in 1856, but this lapsed in 1859, owing to 
e non-payment of the stamp duty of 50/., through some unaccount- 
le oversight. His invention thus became public property, and he 
as thus deprived by the accident of all remuneration for it, which 
ery person practically acquainted with the manufacture of Besse- 
er metal would admit to be of immense value. He spoke, no doubt, 
B an interested party, and his opinion was, therefore, open to criti- 
sm; but he ventured to submit that an invention such as that de- 
ribed in his last patent placed all who had benefited by its use under 
moral obligation to recognise his claims to remuneration, for, 
though by the accident of the non-payment of the stamp duty his 
vention became public property, he still thought that that accident 
ght not to debar him from receivi ng the reward to which he was 
ustly entitled, 

As Mr. BESSEMER had been so pointedly referred to by Mr. Mushet, 
he President gave that gentleman the privilege of opening the dis- 
ssion, 
dressed the Section. Referring to Mr. Mushet’s statement, that 
though he had no legal claim he had a moral claim upon him, he 


ted that he was one of those who looked upon a moral as much | 


eater than a legalclaim. He contended, however, that Mr. Mushet 
hd even no moral claim against him, and was proceeding to support 
18 argument by reference to specifications, when the President ex- 
essed the hope that the speaker would confine his remarks to the 
actical subject referred to in the paper. Mr. Bessemer at once 
sented to this, and gave an exceedingly elaborate and interesting 
count of his own system of manufacturing steel, and showed the 
ast importance that branch of industry had assumed since his patent 
ad come into working operation. By the old system 40lbs. of steel 
‘as the largest mass of metal operated upon ; but by the Bessemer 
Ocess as much as 25 tons could be converted into steel in one heat- 
bg. It had superseded iron wherever large castings were required— 
hch as ordnance of large size, locomotive and marine engine cranks, 
ils, &. He mentioned, as showing the superior durability of steel 
ils over those of iron, that at the station at Camden Town, at a 
fart of the line over which all the traffic passed, a steel rail was 
laced on one side of the line, and an iron rail on the other, and 
bat 17 faces of the iron were worn away while the first face of the 
eel rail was still in working order. Steel rails put down four years 
8° were still in working order. The first cost of steel rails was, of 
burse, much greater than that of iron, but compensation was found 
br this in the greater durability. 

Lord WRorresLEY protested against the controversial matter that 
ir. Mushet had introduced into his paper. Such papers, in his opi- 
lon, should only contain scientific facts. 

Mr, GALLoway, of London, showing an inclination to introduce 


BRITISH ASSOCIATION FOR THE ADVANCE- | 


He secured his | 


Mr. Bessemer, who was received with loud applause, then 


more of the personal element, was instantly called to order. He 
| then suggested that the “rival houses” of the Bessemers and the 
| Mushets should unite, so as to work their respective patents, to the 


mutual benefit of both parties; but the novel proposal was received | 


as a good joke by the Section. 

Mr, BESSEMER, in reply to questions, stated that the steel rails, 
when worn out, were not valueless, as had been represented, for at 
an expense or 2/7. per ton, they could be converted into bars worth 
18/. per ton. His process had produced a wonderful effect on the 

| price of steel, for while under the old system of manufacture steel, 
and that of inferior quality, was never sold to any extent below 36/. 
per ton, tens of thousands of tons were now sold at 187. per ton. 

Mr. I. L. BELL said he attached the utmost importance to a satis- 


| factory solution of the question, whether it was possible to use, in | 


| the making of steel by the new process, iron containing a notable 
| quantity of phosphorus. By far the greater proportion of iron used 
| in this country contained more or less phosphorus. He would allude 
particularly to the recent important addition to the iron-producing 
| powers of this country. He alluded to Cleveland, where they all 
| knew that the iron ores produced, from their peculiar composition, 
| yielded more or less phosphorus. It was, therefore, important to 
| know whether, at no distant date, they should be able to produce 
| steel from the metal likely to occupy a similar position to that re- 
sulting from Mr. Bessemer’s process. He himself was engaged in 
}some experiments with Mr. Mushet, in Newcastle-on-Tyne, about 
1846, for doing that which Mr. Mushet claimed in his paper. 
Mr. BESSEMER, in reply, said that steel made from iron contain- 
ing a large proportion of phosphorus was not very good. Up to the 
| present time he had adhered entirely to the use of hematite. If the 
manufacturers of the iron referred to by Mr. Bell would employ 
| ie containing no fossil remains, and no phosphoric acid, they 
| would find their iron to be better than it now was. If they also 
washed the coal used they would produce iron worth 20s. a ton more 
| than was the case now. They must also abandon the practice of 
| putting the cinder into the blast furnaces. The manufacturers of 
steel could certainly not deal with material so contaminated in the 
first instance.—The discussion on this paper was very lengthy, and 
brought out several points of interest. 





THE COAL QUESTION. 
In the Geological Section, Sir R. I. MURCHISON read a paper “On 
the various Tracts in England and Walesin which no Productive Beds 


| of Coal can reasonably be looked for.” He saidthe ingenious sugges- 


| tion of Mr. Godwin-Austen that coal measures might be found under 
London was formed on a well-considered, general, and comprehen- | 


sive view, as well as upon much close observation. He urged that, 
as coal was worked under the chalk at Valenciennes, and had been 
found to a certain extent in recent sinkings under the cretaceous 
| deposits ranging westwards towards Calais, it might further extend 
across the Channel, and be found under similar cretaceous rocks on 
the South of England. The theory, which from the recognised re- 
| putation of its author attracted considerable attention, had recently 
| been largely and boldly applied by Mr. Hussey Vivian, M.P. Re- 
flection upon the order and nature of the rocks which surround the 
south-eastern coasts of England, whether on the coast of France, the 
| Channel Islands, or the western, midland, or north-eastern counties 
| of England, having led him (Sir R. Murchison) to adopt an opposite 
conclusion, he begged to offer some observations in explanation of 
| the view which he took—that no productive coal measures could be 
looked for in the counties of Essex, Kent, Sussex, Middlesex, Hert- 
fordshire, Hampshire, Oxfordshire, Suffolk, Norfolk, and the East- 
ern Counties. To this hopeless list, in which Nottinghamshire was 
happily not included, must necessarily be added all the numerous 
| tracts wherein rocks older than the carboniferous rose to the surface, 
| as in the greater part of Wales and Herefordshire, in all of which coal 
| could not of necessity be found. Let them first test the value of the 
| data afforded by observations in France, which had led him to the 
| application of the above theory to the South of England. It was 
| quite true that, inasmuch as beds of coal of considerable dimensions 
| were worked at Valenciennes at once beneath the chalk, all the in- 
tervening formations which exist in many other parts of the world 
were there omitted. That fact simply indicated that at Valenci- 
ennes the coal-bearing deposits had formerly been elevated, so as to 
constitute ancient lands, and had not afterwards been depressed 
under the sea during all the periods in which the Triassic, Liassic, and 
Jurassic formations were accumulated in other tracts. 

Those carboniferous strata at Valenciennes constituted a portion 
of the southern edge or lip of the great coal basin of Belgium. The 
portion of those coal strata which existed in France, and which at 
Valenciennes dips at ahigh angle to the north to pass into Belgium, 
had been also found to have a lateral extension on the strike for a 
certain distance to the west, beneath the cretaceous rocks—i.c., point- 
ing towards the British Channel. For, by trials and through those 
cretaceous rocks and over-lying deposits, those same coal strata had 
been found to extend beyond Bethune ; but they there thin out to a 
narrow band, which diminishes to a wedge-like mass directed to the 
W.N.W. The western limit of the richer portion of that field had 
been definitively proved by the fact that in all the borings which had 
been made to the east of the village of Flechenelle, Devonian lime- 
stones, schists, and grits alone had been reached, the coal being thus 
completely cut out. His conclusions were especially drawn from a 
good statistical and mining map recently prepared by able civil en- 
gineers, for the Compagnie de Neeux et Vicoigne, as laid down on 
the maps of the Depot de la Guerre, as well as from his own obser- 
vations in the Boulonnais. In that map every concession or grant 
of a right to sink for coal (in number exceeding 200) was marked, 
the results of each sinking, and the depths being regularly given. 
All the practical French geologists wereof opinion that the coal basin 
of Valenciennes and Belgium terminated, as far as any productive 
value went, a few miles to the west of Bethune. As the coal mea- 
sures thusthinned out as they approached the British Channel, though 
some traces of poor coal had been found extending to near Calais, 
so they had a clear demonstration in the tract immediately to the 
south of that town, by reason of the natural outcrops in the Boulon- 





|nais, that no productive coal measures were superposed to the car- 
| boniferous or mountain limestone. Judging from the gradual de- 
terioration of the carboniferous rocks as they approached the French 
side of the Channel, he held that there could be no good reason to 
|hope that better conditions could reasonably be looked for through- 
|out the southern coasts of England. Judging, also, from the well- 
ascertained data that the secondary rocks of the western and central 
parts of England which lie beneath the chalk—the trias, lias, and 
oolites—thinned out in their extension as they inclined to the south- 
east, was well proved by the memoirs of Mr. Hull; still it was by no 
means improbable that the part of the oolitic series which appeared 
|in the cliffs to the north of Boulogne might be persistent under the 
| cretaceous and Wealden rocks of Sussex and Kent. 
| The question, then, was what would the fundamental rock prove 
| to be in those districts if it should ever be searched for? Reasoning 
| from such data, and the visible outcrops in the Boulonnais, his infer- 
|ence was that if not in part jurassic, they would probably prove to 
| be either a thin band of carboniferous limestone without any produc- 
| tive coal, or, still more probably, Devonian rock only. So far, then, 
|he agreed with Mr. Austen. Proceeding to trace the line of older 
rocks which separated the south-eastern from the south-western coun- 
|ties, they saw the Devonian rocks of the Quantock Hills, in West 
Somerset, without a sign of anything carboniferous; and when they 
advanced northwards to the Mendip Hills, the phenomena they there 
|met with were, it seemed to him, indicative of the hopelessness of 
| seeking for any productive coal measures between those hills and 
| the Straits of Dover ; for, on the west, the mountain limestone forms 
| the outward eastern girdle of the great Somerset and Bristol coal 
basin. Throughout a distance of about 35 miles, that which was the 
unproductive bottom rock of every coal-bearing strata in the South of 
| England and Wales—the carboniferous limestone, with traces only of 
millstone grit—was everywhcre and at once surmounted on the east 
| by thin courses of New Red, or by the Lias and Oolitic formations. 
| It had been mentioned to him that an exception occurred to those re- 
lations in the neighbourhood of Frome, where the unproductive 
mountain limestone was said to exhibit an axial form, with coal 
measures on two sides. If the coal so worked be not on the eastern 
| flank of limestone, but only on the southern side, and is not seen to 
| dip to the east, and so pass under the Lias and Oolitic beds, his reason- 
| ing was unaffected. So much for nearly the whole length and breadth 
| of the country lying to the east of the outermost or underlying band 
of all the carboniferous rocks of the South of England and Wales, 
| including the Forest of Dean to the east, of which the non-existence 
| of any coal measures was rendered still more striking, because, in 
| addition to a rim of mountain limestone wholly unproductive of coal, 
| the Old Red Sandstone and Silurian rocks are interposed in the Tort- 
| worth country, and are there immediately covered by the Lias and 
| Oolite. The data and reason might indeed be applied to the country 
}extending from that town northwards, and to all the valley of the 
| Severn and the Cotswold Hills, as well as to all the country lying to 
| the south-cast of Cheltenham, Who, for example, would speculate 
| on the chance of finding productive coal to the north of Newent, in 
| Gloucestershire, when it was known that on the west the only outcrop 
was in the miserably poor coal tract which occurred at Newent, and 
exhibited its final termination on the north, by the rise of the Silu- 
rian and older rocks? Equally absurd would it be to look for coal 
in many other parts of the Severn valley of Gloucester and Worces- 
| ter, which lie to the east of the Malvern Hills, where the New Red 
| Sandstone lies upon the crystalline and other rocks of that range. 
Extending that view, it seemed to him that the Malvern Hills on 
the south-west, and Charnwood Forest on the north-east, each com- 
posed of rocks of much higher antiquity, form the salient promon- 
tories of the old coast line, to the east of which, respectively, there 
could be little or no hope of finding productive coal measures, 
Even if it should be suggested that the southern ends of the Staf- 
fordshire and Leicestershire fields might have a south-easterly con- 
tinuation, which is by no means forbidden, still the enormous accu- 
mulation of superposed rocks would on any reliable estimate be out 
of the question as to the working of coal. On the other hand, there 
could be little doubt that vast supplies of coal would eventually be 
worked to the north and west of those fields, so far beneath the Per- 
mian and New Red Sandstone formations in the Midland Counties 
wherein the coal measures have been raised to the surface by the up- 
heaval through these younger deposits. Thus, the Red Sandstone 
tracts between Wclverhampton and Coalbrookdale, in Cheshire, be- 
tween the Flintshire coal and the great Lancashire field, and over 
vast areas similavly circumstanced, there could be little doubt that 
coal would ultimately be worked, a view which he (Sir R. Murchison) 
strongly advoceted 30 years ago, and which was published in his 
“Silurian System.” But to return to the consideration of the case,’as 
respects the wide area in which London lies, let them proceed due 
north from Reading, on that line the first ancient rocks met with were 
those of Charnwood Forest, which were admitted to be of Cambrian 
or infra-SiJurian age. To the west of those, indeed, lay the Leices- 
ter coal tract, as well as other coal fields of the central counties to 
which he had alluded; but to the east nothing was seen but secondary 
rocks, from the New Red Sandstone and Lias to the oolites and cre- 
taceous rocks. Who, then, with such an outcrop to the west, would 
sink for coal in any of the counties lying to the east or south-east of 
Charnwood forest and Hart Hill? The recent well-sinkings at Har- 
wich to procure water had, it seemed to him, completely solved this 
portion of the problem. There the trial ended in the discovery be- 
neath 1025 feet of cretaceous rocks of a hard slaty rock, with possi- 
donia of the lower carboniferous limestone, evidently older than any 
coal-bearing stratum. That fact, it seemed to him, showed conclu- 
sively that the great Belgian coal field did not extend eastward to 
England. To widen the application of the inference as to where 
coal could be reasonably sought for, he might extend the reasoning 
he had employed to the whole of Leicestershire and the East Riding 
of Yorkshire. On this head he would first allude to the south side 
of the Valley of the Tees, a tract which he had long known extending 
from Croft to Middlesbro’, where the New Red Sandstone was covered 
by the debritous and northern drift. 
At the last-mentioned place Mr. Vaughan, an ironmaster, being 
desirous of obtaining subterranean water for the working of his en- 
gines, sunk an artesian well to the depth of 1800 feet, and at length 
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reached a bed of rock salt subordinate to the New Red Sandstone— | shales underlying the limestone, and forming the lower part of the 
in fact, without reaching even to the surface of the magnesian lime- | Permian measures were upwards of 80 ft. in thickness. They mostly 
stone, through which the deep coal pits of the Earl of Durham are | consist of strong, compact shales of a light grey colour; the bottom 
sunk to the extreme depth at which coal has hitherto been worked | part is soft, and of quite a marly character. About two miles north- 
in that county. If, then, the coal should be prolonged to the south | west from this colliery the limestone shales crop out to the surface, 
of the Tees, and should pass under the Vale of Cleveland, and the showing their junction with the coal measures, and it is there seen 
hills of the eastern moorlands, what would be the depth at which it | that the lowest stratum of the Permian formation is a bed of con- 
would have to be sought, by passing through the Oolites and Lias, in | glomerate about 2ft. thick. This has been supposed to represent 
addition to the New Red Sandstone and magnesian limestone? On| the lower New Red Sandstone. No trace of this conglomerate was 
this point it would be observed that we had not as yet any proof that | found in sinking the shafts at Annesley; for in passing the mar! at 
the Durham coal field was prolonged to the south of the Tees be- | the bottom of the shales the coal measures were at once proved by 
tween Stockton and the mouth of the river. The works that had | the abundance of their characteristic fossils. The dip of the Per- 
been opened out by passing through the magnesian limestone are | mian strata is uniformly to the east, and about linch per yard. The 
situated at many miles to the north of the Tees, and we must first | dip of the new Red Sandstone could not be accurately ascertained. 
know that the coal can be found under the intermediate country, and | Only small quantities of water were met with in the lower part of 
under the New Red Sandstone of Darlington, before we can reason- | the limestone and in the shales, so that the pumps were dispensed 
ably speculate on the existence of it beneath the Vale of Cleveland, | with, and the water drawn in the sinking buckets. 

even should there be adventurous persons who might try for it at a The following is a detailed section of the strata, as sunk through 
depth of 4000 or 5000 feet beneath the subjacent secondary rocks. | in the No, 1 shaft :— NEW RED SANDSTONE. 
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21,800 square miles, or nearly one-half of England and Wales, ne- 
cessarily, as consisting of rocks older than the coal measures, and in 
which no coal could possibly be found: when he had shown those 
ori reasons for s2tting aside the hypotheses that productive coal 


But whilst he admitted that there was a possibility of the Durham Sand and gravel seeeeesssereeeeereresececseceseees Git. Oin, 
coal field being thus extended to the south-east beneath all those | —— pie the sb . = 
thick overlying deposits, they possessed geological data which in his | Sand rock Fite 141 
opinion showed that no really valuable coal seams were to be found LOU CLAY sees seeeeseeeeeeeeees steeeee 2 : 
in the Vale of York and the central portion of the North. On the ay ee eee were PERMIAN FORMATION. nee 
banks of the Tees, west of Darlington, the productive coal measures a meee; aa 26ft.9 in. 
were entirely wanting, and valuable vegetable, or coaly, matter had Freestone and limestone . 7 11 
never had an existence in the tract extending from Barnard Castle, WhItC MAL] .sersesererereseeees o 6 
on the Tees, to the south of Harrogate. | — pene a ng da te : 
After some remarks relative to the experiments being made in the Bind or shale. 4 6 
pits of Mr. Webb, of Newstead Abbey, Sir Roderick said he should Limest - 4 4 
give no opinion whatever on the probable duration of coal until the | oe 4 : 
Royal Commission had completed its surveys. His sole object was | Bind or shale ......+- 63°11 
to exclude from the reasoning on English coal fields those hypotheses | Grey rock.....ccecessss 0 8 
which, however ingeniously put, were, in his opinion, negatived by | oe = a 
a fair reasoning on the data they possessed. When they excepted | Soft wari Me 7 


TOtal ccccccccccccccccsccccscccccccccccccccccccecocccs S1Sft. 3 in. 


The coal measures are found in their regular order dipping nearly 


















a priori 
fiel is might exist under our southern and eastern coasts, they had due east, and, so far as has been proved, conformable with the Per- | was lifted up a few feet, and then down it went at once with a sudden dive inn” 
simply to proceed to form the best approximate estimate they could | "2" measures, The usual alternating strata of sandstone, shales, pote cae bal st hee soegi tl nooner Sali rn # horrible sensation, ag 
of the amount of coal left in the fields which they had so long worked, thin coals, and fire-clays comprise the coal measures hitherto passed | you into space. A seasick man has much th caine aleeation when teem 
It seemed th 1e existence and possible future supply of coal for through; they are compact, and impervious to water, The deepest | goes down into the hollow of the sea, Strange to say, though, this 4 wes 
all practical purposes had an apparently defined limit, ranging over | Shaft is now 200 yards deep, and has passed through several thin The motion was rapid, but not disagreeable, and you could not tel 
little more than an eighth part of England and Wales, or anarea of S€@ms of coal, none of which, however, are workable, As the sink- |), vored mach maove qaiekly whem the nis ~ ty ow end. = a nevpeetyiiedby. S” 
about 6000 sqnare miles. He declined to express anv opinion on the Ing progressed, both the shafts were lined with strong cast-ron tub- | ¢), ground. A eh ce scene 1a then befor you. “Bae b ene pe teed dd, a 
duration of the coal pits of Great Britain until a close survey had bing, which, when wedged, formed a water-tight casing. It was found | an oil lamp, and in the gloom the party look like so many fire-demons. ‘Thers 


a view of determining that point. He fully | Becessary to tub the shaft thus to a depth of 98 yards; below this 
Jus desire felt by all those who were interested point very little water is found in the strata, and the shaft is walled 
1 ry brickwork, 9 in. thick. 

The writer has nothing to communicate in this paper beyond the 
foregoing facts, but before concluding he desires to call your atten- 


tion to the importance of this sinking, with regard to future coal 
i 1e county of Nottingham ; asit is, with others, 


arried out wit 





been < 
appreciated the anxi 
in the future welfare of the nation to have this subject fully and 
fairly enquired into, the more so as he had, in conclusion, to announce 
that, by the last enquiry made by Mr. R. Hunt, the officer of the Go- 
vernment establishment under his (Sir R. Murchison’s) direction, last 




























year’s consumption of coal reached the portentious quantity of nearly | ™N1ng operat eee : : 
100,000,000 tons. 2 conclusive pre of thepracticability of sinking through the water- 
PS made some general remarks on the question of the bea ng stata of the New Red Sandstone and Permian formations, 
i is country. He stated that the total quantity , COVe™NSs a large area of coal measures in the east part of this county. 

vas al t 80,000,000,000 tons, They cent consumption scerstinseesctiabltadiaimaiag teiniaeeniaeeces cnt 

0,000,000 tons per ; " . 

= Pec st this consump STEAM BOILERS. 
tion liner Ons) Was DO 50 Mr. HENRY DIRcks read a paper “On Steam Boiler Investigation.’ 

far wrong in @ rs. By as 

sig ga lit - For 1 e than a ntury the empl yment of the steam-engine has 
























| I ended by cldents more or less disastrous to life and } 
PRES S 3, perty « f 1 t idden bursting of the boiler from some 
important stating tl cause or Other never distinctly defined, so that to the present day it 
C s 1 f the stior re Sy P 
; stphel -sapeathgseb “ o cues, | continues to be enveloped in so much mystery, that practical men 
t ‘ . nion, &re unable as much as ever to satisfy each other on this important 
Mr. ¢ AN 8 utter. Eve nvestigation leading to discussion on this subject at 
Fu is S BK er e- | ORCS Sit t nsettled state of opinion, whether on the part of 
‘ t . the public, the engineer, or the manufacturer. 
from dista 1 nt (mong the many causes to which steam-boiler explosions are 
sues + 1 be possible to bring ul to t rfac f this ted , Deficiency of ate nm ¢ } > On 
ri u go I « s i i i 1in ¢ “ }. I i] 
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COAL MINING IN NOTTINGHAM, nomy suzgests t e of n. Streng " en safety ; _ . ; 
n ‘ ‘ by ir : , ee tite cit A One party visited the Erew Valley. A 20miles ride b Midland 
T , ‘ , , . . rT 5 . oS | € : AMA ¥ a) mBmoula ‘ , ’ ; + } wt , ‘ ‘ l f 
In theG gical Section, Mr. EDWARD HEDLEY read a paper “ On é rabl i at the loss of a , nor n the use } the “ Riddl party to the extensive fron and coal works of Messrs. Oakes 
— x holler. 7 fore it foll t ‘ neg of tl fotvec he | andCo.,or byshireside ofthe valley. The Pye-bridge station was reached 
+ y f low Mier °? TT "NY Niiawcd % 4 rt ) I it f vs t i ‘ ing e safe © he . . 
the Sinking ¢ innesiey ‘ ilery. The A : ( J yiss ated all vd ‘ ‘ er . : about half-past 2; and, unable for the nonce to disregard their usnal cust 
l r is | 1 n ating ves vhe- ~ 69 A 
e ° . 7 . - 43 7 1 : | theex siontats formed ** sections one taking the road tothe colliery. the ¢ 
] mN tingnam [a 1, a 1a . : a : . - ‘ by proe lingtothe ironworks, Mr. Oakes had received the tor and 
- an « miles from ¢ atter town I a 5 y ctl 2 >} utm cour vy had informed them of the best mode of makingthe {1 
Le ctane — es 4 . " ~_ 5 imatances connected With | cearinn « yo? . stages on 6 mkt *? and ' , ; 
1 tl w Red Sar ne, and nearly two miles f ming them to be of generally ap- seapied = a “ haps oo. ag aed pick . 
7 Y - sion much more @aally than wir ytner exct ned, this 
ekLine 7. y r "OE y i e0rT P u f lestr ( ‘ as 
coal workings. The seam of coal intended to | Pro" . r * that - ‘ Aye — . yee ode pit being reached by an inclined plane. ‘The e: ervals 60 
1 n 1 lt . ) v rs in other ent proof o © serious me “0 . ' ‘ nae 
‘known as the Top Hard coal, and whichis now | ctrnetion? “Wi Scape *somsagiank pe ly hg send onthe! : i ai '- | that they might examine the various strata asures, 
ion. issume, th ju » relate to the cause of explosion in | Having penetrated about 800 yards intotheernust owas 





yoller, perhaps one or two, or more boilers in connection, which has suffered | 

ble consequences of an explosion. | 

il enquiry would take into consideration one or all of the pre- | 

ed ordinary causes of ¢ sions, and we can all well imagine the 
é t 


Portland, High Park, Hucknall, and Cinderhill | a 
f immediate neighbourhood. The estimated depth | ¢ 
! at Annesley Colliery is about 400 yards. The sinking of 
was shortly stopped for 





























































fts commenced in January, 1865, but ting character of the « thal mash petite examen 1 y ¢ 
a weeks for the erection of the necessary pumps and pumping- cope frog ern 4 > th is inf ct ~ oO meee . ain which is tive ar d interesting was done, The most important matter to which this 
, * ee ie <a : xe. ® . eatin imamate tie ‘niek sontianataanh neg rertrleg, eye | tion was directed was a blast-furnace recently blown out, and which had 
engines Since then the king in one shaft has continued unre- apg er woes , ho grea novelty in mur manufacturing distric 8, among, too, the ation 54 years. A large portion of its jower surface was encrusted with 
mittin When finished, is intended that each shaft shall be | °%4 'mformed and most apne “Ty by Bax Se enna | , ngof plambago, from 1 in. to 4 in. thick, and to this circumstance 
13 f The following ds scription ort the strata sunk Ma r ) = of opinion preva yn thi ak Boor en ne iboats. 7 tend = | attention of chemists was chiefly attracted. 
tter understood by ferring to ection of t : senquiry during at least 100 years > 
2} ink throug wad p ng hitherto made the investigation as At the soiree in the Working Men’s Exhibition Building, a most 
le | P This. and a ; cnal us that this enquiry, being partly me | attractive article was a platinum apparatus and metallu al preparations, 
; . nee: cere ( must continually ensue so long aa the | sent by Messrs. Johnson, Matthey, and Co., of Hatton-garden : near this was 4 
c se the N Red § l- ~ I of the other; and, indeed, on noother | pure platinum ingot, which was much noticed, also a specimen of pure d ed 
te ts of a soft f q é ccount for our present imperfect knowledge of a subject which | magnesium, weighing 124 ounces, and some iridium alloy for heavy ordnance, 
st Ino haft vas d led A. ence proves to be of growing importance, as affecting life and | welded by the oxy-hydrogen process, and some turnings of the pure magnesium 
wage ; ‘ ty. We have hitherto, perhaps, been too prone to bridge over the diffi-| metal. Running along for several yards is a somewhat wonderful model of @ 
D ot " ‘ A t, and | ¢ ¥ l this enquiry by « tente i ributing every cause of explo steam-engine, said to be worth 1000/. ; near this piece of mechanism rep sed an 
the bed formed an unbroken r« As L¢ l drained f gligence, either In tt janufacture of the iron or the | instrument of war in the shape of Whitworth’'s 2-pounder howitzer Specimens 
this rock not ive, the quantit f water met with in sink- #8 UNCIF Use Dy She ps tor ¢ ing them, or to st of coal may seem to the uniniated in science rather peculiar, but amongst th sh W 
r through it was ir iderable. ‘taal ml gelecre yey aaving Aree rmanagement. How >| of minerals were pieces from Kimberley, Oakenthorpe, Church Gresley peg 
ig tht gn i l i rabie. — i nees such decisi y be, lust not be overlooked iron ore, copper ore, and marble, were in abundance, finally culminating a € 
The next st ming th Tr part of the ; f 1 answer to every example of losion, and to rest satisfied with | end o* the table in some very singular exhibitions of steel-work, cast-iron, &. 
, in mea f nt tis of a dar , e of explanation alone, alt igt n t satisfy a judicial enquiry, | Mr. Gale explained the principle of his breech-loading revolver, and also nis 
a Ir. with |] , ed « o ess the scient ivestigation of phenomena, to the] well known composition for preserving gunpowder against explosion, Some © 
: ete pean. ‘ “< . ‘ gineers may fa claim at present to be utter strangers. | the curiosities of mechanics attracted a great deal of attention. Chief amongst 
int neighbour I rt nr pul net ynsideration of t bject is one with which practical en-| these were a hydraulic mining machine and a magneto-el ctric machine, which 
m( g 1 s good bri \ rcquainted that it will suffice briefly to enumerate the promises great things. Asx at present, however, machines of this last class ¢ 
‘ met wi n the sin x had : a ‘ use of wrought-iron ; the occasional employment of | sume as much zine per horse-power as a steam-engine requires of coal, it 
+} ¢ | g iron in the same boilers ; systems of staying boilers ; | scarcely likely that the system now in use will be supplanted. 
I in © Teet ir the wa in tf ig or fl boll 4 provements In valves, gauges rd 
tone below i tre » the si , improved furnaces and modes of firing. In all details Dr. Ln Neve Foster related his discovery of a curious lode oF 
yar ! yy contin mpit this, vever, WV l eret Pp : - > ree ; : : ng rs maine? — mineral vein, containing pebbles, in New Rosewarne Mine, Gwineat Cornwall. 
again, and the shaft sun » limestone. A large quantity of trict os a ' : part yt es rrif pA po eb nee The peculiarity of this lode is that it is brecciated lode, contalr ing Pie ° 
water had now to be + : aank 19 ¢ | boil whether ammonia. of sometiines sninhne at ditesinatad it iia pebbles. A crack appears to have opened underneath a bed of gravel « 8 i ’ 
: rend oa rele “ Ana . -” minated during th - pebbles and fragments of rock fell into the crack, and were cemented by ¢ hl ’ 
tmeter, were -onst 1) gy altogether a ' 7 trt effec on bo plate vhether cold draughts of air tinstone, and other minerals, In the subsequent discussion, Prof. Rat vy, 
1500 gallons per minute. nagnesian limestor omaaiine. mit ethno Hg Ce ee Cee See and con-) LL.D., F.R.S., said that lama bones had been found in a mineral vein In South 
fe rmatiot is a freestone, 18 feet thick It rv hard at the ie come v' ees Somer » Jose rhs <4 rat died BILrOgeS affect the America, at a considerable depth. He added that the processes of formation © 
form a na e fr st ! , i 1ICK,. t ry hard at the top I f } er, all these, ur d her kir dre d subjects, particularly as to the the lode as described by Dr. Le Neve Foster implied an enormous lapse of t me. 
about a footdeep; in this are numerous small veins, containing smal! probability of decomposing water into its constituent elements In large steam- | yr. Ww. Pengelly, F.R.S., sald that he had seen, in the collection of his friend, 
Ollers, are a terra incognita to the practical engineer, such considerations being Mr. Robert Were Fox, of Falmouth, a pebble from a copper lode. It had been 


quantities of spar, lead ore, and iron pyrites. Below this the stone oa 





is much softer, and is light red and white mottled in colour. selow The ex 
the freestone stratum there are several thin beds of pure limestone, | Others, afford evidence of the necessity of making experiments on a large scale, 
divided from each other by beds of shale or bind. In one of these 


thin seams of limestone, which is 1} ft. thick, and at a depth from 





er 
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tained under proper arrangements for the bursting of a boiler of 












the surface of 121 ft., there was found a quantity of lignite, in the ved construction, with every deemed requisite for security, 
original form of brs iches of trees. These were d troyed in blasting t r ordinary circumstances. And 

" = ¢ ~ 2 a presum fective boiler-plate, ar tad tn structive test as 
up the limestone, which completely enveloped them, and the lignite ’ presumed defective b iler-plate, and cted to a destructive to a 


- “ 5 rtain what results v 
preserved has since gradually crumbled to small prices. alt, or muddy caleareou 
A similar occurrence of lignite in limestone of this nature is not | theiruse. But it is evident that such a course of experiments being once estab- | , 
y ° P lehed an inf wy ¢ ala d eugves . a € > re “1 y 
known to the writer. Nothing more of a fossiliferous character wae ape = infinity of — gh uggest themselves, and the results could not | ; 
found in passing the Permian measures, although a careful exami- | science generally 
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nation from time to time was made for that purpose. The limestone Mr, W. FAIRBAIRN said it was most important that every possible ! tons of coal. 


|} that stick inside! You'll have your arm broken, Sir, toa certainty, if you dew 
vs oY ‘on 


lie just above the coal. 


reached, and the explorers left theircarriages. The coal was found to bea 
point about 3 ft. in thiekness and hard in quality, being known as Derbys 
|} hard coal. Section ** No. 2°’ had in the meantime visited the sme 
| The entire process was explained. and all that could make the inspectior 





holly beyond the sphere of his usual studies and pursuits . . - John 8. Enys 

- Willis , as rent broken in half, and then the two pieces connected together. Mr. John 5. /My*s 

eriments of Mr. William Fairbairn, C.K., Sir William Armstrong, and of Enys. had cian wpentioned ecmewhet similar cases to him. As no object : 

" , ‘ ‘ " e 

“Or t wit ‘ ; . was raised to Dr. Le Neve Foster's views, he had but little to say in rep'y- I : 

conducted with every possible assistance for securing accuracy on points of in-} .oi4 he perfectly agreed with his friend, Prof. Ramsay, with regard to a Vas’ 
er mathematical, mechanical, or emical, Experimental result lapse of time being required for the formation of the lode. 


imilar boiler might be tried with | gents in Coal Mines since the appointment of Government Inspector 
tated that the results of the application of the Acts of 1850-55 rela 
ld follow. Also, boilers might be tested with clear, | general w king, management, and inspection of mines, had been to dim! 
waters, toarrive at some practical resultsin regard to | very largely the loss of life amongst the mining operatives, and especially! 
use of explosions, wherein the saving of life amounts to nearly 50 per cent. 


) the public, the manufacturer, and men Of | The jogs of Life in 1864, in ralsing 9278 millions of tons of coal, 


1 accidents in pit shafts, where the loss of life had been reduc , _— 
was one in we 
: <a : saeh 110,00 

354 persons employed, and only one life was sacrificed in raising each 14% 





endeavour should be made to prevent the explosion of steam.} 


An association had been established in My 

i § f invhester for th : 
of such accidents, and they had collected a number of facts enon 
tothem. The only effectual precaution that could be “ath anaig 
have frequent periodical inspection of the boilers, pwns to 





Oilers, 













Similar 








tions should be established in other towns. He did not a a880cia. 
a system of boiler insurance, as it offered a premium to yy of 
blow up his boiler. man to 






Mr. GALLWAY attributed the explosion of boilers to electricity. 







WELL said that the principal reason of the ex 3 Mr, Bra 

° i i xplosion of boilers w; 2 AM. 
were designed and built by persons who were ignorant of ay on because the 
which they should be constructed. He thought that the principles Upon 






presented in some boilers called “ scoring,” might be due tothe effe Ye pow 
action.——Mr. HUGHEs, who had been one of the inspectors of fon Zaly 
Manchester Association, attributed the explosion of boilers to sari the 
only way to prevent such accidents was to have the boilers periodicaller” T 
by competent inspectors.——Mr. Dircks, in reply, mentioned the y insnecteg 
Carron Works, which had been in operation for upwards of 100 neaes OF the 
any of their boilers exploding, as an example of the effect of cant ars, Without 
tion of accidents of this description. : nthe preven. 
The thanks of the meeting were then accorded to Mr. Dircks. 
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A large party visited Mr. North’s coal fields, at Nuttall, wi 
most hospitable welcome was acccorded. In an outbuilding we we. he lere 9, 
take off hats and coats, and equip ourselves in brown holland jackets. w asked to 
tied round our heads like turbans. Some of the ladies had got "as 1 towels 

“8S Tar as the 








jackets, when the word was passed that they could not be taken down the yi 
rhe disappoint ment was great, but they bore it good-humouredly and ; re pit. 
excursion on the surface of the earth was planned for them. Whien e trother 






Guipped jn 
oomstick, the 
out laughing 
» and the lift 


the brown holland and turban, and each provided with a short br 
gentlemen looked qualified to take part in a pantomine, and burst 
at each other's odd appearance. Soon we reach the bratticed shaft 
begins to take down six or seven of the party at a time into the ugly y: 

gulf below. A circle of miners, or mining population, surrounds us. and ne 
with criticism and a little banter. ‘ Suppose there should be a naa “ 8 free 
of themsaid, ‘ Well, I'd rather an accident happened to them th un t z se 
kith and kin,’’ a woman replied. It was natural enough, but she need now own 


said so‘Just then, For the bucket, or lift, went down into the dark we ll like weave 












so quickly that you almost turned giddy as you looked. Suppose the rv pe sh aoe 
break, and a cargo of savans be brought back to the surface in little piece — 
%. The 








| us by the experienced miner who arranged us in the cage. And the ne 





pit was some 250 yards deep. Some of the party step into the lift V 
‘ ’ J with 
pale faces, but they cannot turn back now for very shame, ‘ Stand f aes > 
tight! Don’t put your arm or hand outside the bars! For goodness’ ea} old 
ake, put 








t 
lto 
“ame the 

he cag, 


ery of * pull up!"’ to which they in the engine-house duly responded, ‘J 






take care!’ These were amongst the injunctions and warnings thus give, 





























is no protection for the lamps, but Nuttall istoo well ventilated to allow 
lection of any fire-damp ; 





; 80 without danger of explosion, and under g& 
ance, we walk along the wet, sloppy ground for a few hundred yards 
come to twenty or thirty coal trucks, worked upon a tramway with an end 
rope by a steam-engine at the far end of the pit. Crouching down in the 













trucks, we presently find ourselves bowling steadily along through the coal 
measures. Sometimes the coal has been all won; sometimes we came toa fanit 
where the coal broke away and had to be sought foragain bythe patient miner’ 
Often the roof was arched completely over with brick; but more frequent . 
was supported at the sides by massive wooden pillars. So we went through ema 
thre miles of galleries, riding or ulking, heard a short deseript! by the 
manager, Mr. Fowler, and saw the furnace, the air-shaft, and the im-engina 
it work, The Nuttall Colliery is one of the most extensive in England, haying 
four milesof underground communications. Aj] rine, centrally plac ; 
Ww rainso sby meansof anendle ir tlongt r nd 
n t en hich rope an appar nbling R t 3 
vd vagons being clipped on or off at pleasure rhere was hardly any 
water, and, as was stated In reply to enquiries, very few fossils are f i A 
4 } 





mine \ iden turn inthe road was accounted for yar iiniseer 





















i ? ‘ eapt 70 ft H ' ng 
fa of so m; themanag 
yon the lev but turning nea ! 
should meet the veln where it dipy 
1 it, though, of course, the ] of f d 
tunr ng. During the deseripth 
ed per annum in the pit. t 
cter,”’ called out another vi er the bla ! ‘ 
tughter. Everywhere l ! ntfilated; t mor t 
workings may not be so, | is oct nally so stror ! r 
blew out the lamps. Now I na grit iiner, or f 
nted ty ponies which live and die intl t. Whe e had tired ely 
} . nd } 



























y exploring the mine, and were as grir i ners 
the signal of return was giveri, and after due time w were all hauled up aga 
safe nto the blessed sunlight. 

I to the extensive ee ry works of Mess ke ( 

I 1, was no less successful. What ts calle P 

" tted to be explored, and the arrangements made for the f 

ul t guidance of the visitors were perfect. A number of la 
down here the work ilso are on a very larg ale o few wn 
0”) per rses belr l din the mine At Riddings t haft is 
not ver , but is an inclined plane, starting with an fr nation of 
and proceeding at an incline of lin’. The miners often wa do th if 
to their work, but the visit are not permitted todo so, At Anne the pit 
sa new one, not yet finishe but here, t both |} ind ge 











































ng-furnaces, 























































Mr. GEORGE SENIOR read a paper “On the Diminution of Acci- 
* it was 
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, and 
ed 46 per cent. 
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wine a ni oa pee pornos ae, | a easily transported from place to place. The cutting 
f ‘ 5 ys per hour, eet into or under the/| tools are of sheer steel, are easily removed and replaced after grind- 
| oe the flat rvsag There is no percussive action or injurious wear 
using thirty gs 3 : eee ’ | and tear, no noise, dust, or sparks when working, and the apparatus 
pone baal encagp- rte ag ek ny = Senet og eye | holds itself down on rails during the penetrating cut of nf tools, 
Ota tom chet 1e cutting tools ¢ Oe ee ee the | One man and a boy are the necessary attendants, The incompressible 
al or mineral so undercut or holed. The machine will ascend any | water transmits the power given to it faithfully any distance through 
gradient, and is suitable for “dip” or “rise” levels, and will force | 2-inch wrought-iron gas pipes, tested to 500 lbs. necessary to work 
its own waste water along 2-inch pipes back to the place where the| one machine: the flexible pipe will also stand "the same pressure, 
pete was made, and it is adapted to cut right or left. It weighs and the water is used over again, as in the Bramah press, its quantity | 
on, and is applicable to the gauge of any mine, and, with its cutter| being only what is necessary to fill the circuit of the pipes. 


coal or mineral at any height or angle, and at “once going over, 


SELF-ACTING COAL-CUTTING MACHINE, 

The following paper was read before the British Association, at 
Nottingham, by Mr, W. E, CARRETT, engineer, of Leeds :— 

In the general detail of mining operations the cutting away of the 
under portion of a valuable seam or bed of mineral, to facilitate its 
subsequent removal, is at all times one of the most labourious and 
difficult operations, and is often effected by the miner under the 
greatest physical disadvantages, more especially when the seam of 
coal is very thin, and is cut on the “end,” to improve its saleable 
qualities. This “holing,’ or “baring,” or “kirving,”’ or under- 
cutting,” is usually performed by about 40 blows per minute from a 
pick, handled with such experience as to cut 3 to 4 ft. under, at the 
| rate of 1 to 1} yards lineal per hour, and destroying much of the coal, 
| to make room for the operator, and enable him to work partly into 
the hole, to produce the requisite depth fora fall. The speed and 
effort with which this picking tool is moved, combined with its weight, 
| represent the power of one man, applied in the shape of “ percussive 
| force.” and this, under advantageous circumstances, is equal to about 
| one-sirth of « horse-power, The miner could not, with his limited 
| power, force his pick, or any other shaped tool, into the coal as if he 

were cutting cheese : he is like the mechanic, who has to chip all his 
iron work with hammer and chisel for want of a planing or slotting 
machine, and must reduce it by little as best he can, “in lieu” of 
| suitable mechanical expedients to concentrate and apply power in a 
| continuous, undeviating, and determined line. Yet the introduction 
of planing or slotting machines has not injured the mechanic, nor 
the morticing machine the joiner; there is ample work which the 
machine cannot do, and there are innumerable mines where no ma- 
chinery can compete with the skilled miner. To apply the power of 
horses in lieu of manu-motive power, even though one horse is as 
powerful as six men, is practically very difficult. The power of both 
is dependent on the produce of cultivatedlands ; and the fewer horses 
required the cheaper the necessaries for human sustenance. There 
is yet a far more effective substitute for the power of both man and 
| horse, which has been inviting our use for centuries, in the form of 
| what GEORGE STEPHENSON conceived to be “bottled up sunshine.” 
A COAL-FED STEAM-ENGINE, of one horse-power, is twelve times 
cheaper than one animal horse-power, and our obedient servant for 
24 hours daily, consuming the produce of uncultivated lands on which 
the sun shone agesago, Now, itis desirable that in many favourable 
circumstances this “undercutting ” operation of the miner should be 
accomplished indirectly by this stcam-powcr, and one of the practical 
methods of accomplishing this object is the subject of present con- 
sideration, If one collier had the power of (say) 18 men, and when 
| necessary could make himself 2 ft. high, and hold himself down upon 
the floor of the mine by pressing his head against the roof, and hold 
| tirm in his hand a kind of “ cheese scoop ” inlieuof a pick, and could 
force it steadily into the coal at the necessary height from the floor, 
| and to the required depth, he would then be exactly what is in many 
cases wanted: he would be a travelling morticing machine, and do 
| more in one minute than 700 blows from a hand-wrought pick can 
| lo, and would in fairness demand a very stiff wage, which he would 
| undoubtedly obtain, This is what the Iron Man or Hydraulic Coal- 
| Cutter accomplishes. “He” is, if necessary, 2 ft. high, has four legs, 
of adjustable length; his head is also adjustable to touch the roof, 
and he weighs 1 ton, He is fed by a 2-in. flexible pipe with sober 
drink, at 300 lbs. pressure, and at the rate of 30 gallons per minute. 
| This water pressure acts vertically on a 5-in, piston pressing against 
the roof, and horizontally on one about the same size, reciprocating 
| 18 in., and from 15 to 20 times in a minute. There is a pressure of 
5000 Ibs. against the roof,and the same pressure acting horizontally, 
forcing three “ cheese scoops” into thecoal. These cutting tools are 
3 in, wide, and penetrate 4 ft., with a power equal to three horses or 
IS men, and this is effected by a consumption of 501bs. of coal per 
| hour to feed the boiler of the engine, which makes the water pressure, 
and pumps the same over and over again. Thus this Automaton Iron 
Man is dead fast when forcing the cutters into the coal, and only re- 
| quires to lower his head 1 in, at the return or back stroke, and ad- 
| vance, Which he does also self-acting, atits termination, } in. to 1 in,, 
and then again he elevates his head and is ready for the next cutting 
stroke; his sober veins being filled by incompressible if not exhilarat- 
| jue ** water,” and retained therein by a keep-valve, for the necessary 
| time, enabling him at that moment to defy the roof to crush him. 
| his Self-acting Hydraulic Coal- Cutting Machine, or “ Tron Man,” 
which has now been two years at work, is the miner’s best friend; it 
| does not dispense with his labour, but performs for him the under- 
| cutting, which is a most laborious operation, either in the end or face 
of coal, and in a more efficient and economic manner than he can do 
it himself. The coal so operated on by the machine does not fall 
| forward when becoming detached from the roof, but settles on the 
lower bed, thereby avoiding serious accidents. The saving in coal 
alone more than pays for the outlay; and itis practicable to cut with 
the most perfect ease into the floor of the mine, thus preventing all 
waste of coal whatever. (Seve Fig. 3.) The size of the coal is im- 
| proved, the amount of slack is considerably reduced, and a single 
| seam will yield more by 1000 tons of coal per acre than when worked 
by hand-labour in the usual manner. 

The machine undercuts “holes,” or “ kirves,” with a manand boy 
as attendants, and completes the work with once going over, at the rate 
of fifteen yards per hour, and at any angle and height from floor or 
rails, being suitable for either “dip” or “rise* workings, and is 

| capable of cutting the thinnest seams. The pressure of water which 
actuates this apparatus can be obtained either from the stand pipes 
in the pit, or from pumps attached to any existing engine, or from 
an engine and pumps speciaily made for the purpose. The quantity 
necessary is only what is sufficient to fill the circuit of the pipes, 
using it over again when desirable, as in the Bramah press. Any 
idea of a large volume of water being necessary may, therefore, at 
once he dispelled. There is also no leakage whatever. Each ma- 
chine uses 30 gallons per minute, at about 300 Ibs. pressure, accord- 
ing to the hardness of the coal or mineral to be operated upon. In 
| cutting the shale of the Cleveland ironstone band, a somewhat greater 
pressure is found to be necessary. 

There is no limit to the pressure of water that may be used, nor the 
distance it may be forced without loss of power, beyond that due to 
its friction along the pipes. The same water-pressure is also appli- 
cable to work pumps and rotative engines for hauling, &c., and other 
requirements in the mine, at a distance from the engine power. In 
cases where there is a fall of water (say) of 100 Ibs. pressure, it can 

' be “intensified ” by a self-acting machine to 400 lbs. pressure to work 
the coal-eutter, but sacrificing three-fourths of its bulk, which is 





thereby set free. ae 
The water is supplied in a continuous stream: it is, in fact, the 
medium through which the mechanical power is applied direct from 
the first coal-ced motor (a steam-engine and pumps), in lieu of the 
usually developed power derived from vital energy, and applied to 
the handle of a pick, effecting the desired object by a series of per- 
cussive blows or impacts. The power of six men is equal to one horse, 
and is six times more costly ; and the power of one horse steam-motor, 
| or engine, is eighty times cheaper than six men. The machine is 
about three-horse power, aud weighs 1 ton, and will work either right 
or left. (See dotted lines on ground plan.) It is self-acting in all 
| movements, and will ascend the steepest gradients; being simple in 
| all its parts, it is not liable to get out of order, and is easily managed 
by an ordinary miner, and transported from place to place, on the 
ordinary rails, about the mine. 

Although the length of stroke of each cutting tool is 18 inches, the 
practical cutting length is 16 in., and, consequently, the three cutters 
jointly give a total effective depth of 4 ft. at each stroke of the ma- 
chine, finishing the work as it goes along. The mechanism employed 
consists of an hydraulic reciprocating engine, adjustable to any height 
and angle, having a self-acting valve motion. The cylinder is 4} in. 
diameter, and | ned with brass, and the piston made tight with ordi- 
nary hydraul Je. | ers,easily renewable. Within the piston-rod is 
attached the cutt..i bar of steel, carrying the tools or cutters. These 
can be varied in number, to suit the depth to he holed at one opera- 
tion. The cutting tools are of double sheer steel, easily made, and 
very strong, and can be removed and replaced ina few momeats ; 
they are readily sharpened on an ordinary grindstone, The cutter 
bar is also removeable when transporting the machine from place to 
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place, for which purpose the main cylinder is, for the time being, 

placed longitudinal with the rails. (See dotted lines in Fig. 1.) f 
The machine in operation fixes itself dead fast upon the rails 

during the cutting stroke, and releases itself at the back or return 


stroke, and traverses forwards the requisite amount for the next cut, | 
f " avers 


without any manual labour. Should the tools be prevented making 
the full stroke at one cut, they will continue to make more strokes 
at the same place, until the maximum depth is attained, when 
“only” the machine will traverse itself forward the required amount 
for the next cut. Thus, at one operation, a uniform straight depth 
is attained, parallel with the rails, inducing an even fracture when 
the coals are brought down, and thereby a straight line for the new 
coal face. There is no percussive action, either against the roof or 
into the coal, but simply a concentrated pressure, producing a steady 
reciprocating motion, at 15 strokes per minute. There is, conse- 
quently, no dust or noise, and little wear and tear, For the same 
reasou, when cutting pyrites, the tools throw out no sparks, and the 
workman can hear any movement in the coal or roof. 

The required height from the line of rails in the “ holing,” “ kirv- 


ing,” or “ baring,” 


hydraulie cutting cylinder, and its direct-action cutting tools, have | 


sometimes to be arranged abore the carriage, and sometimes ben ath 
the main carriage, or close down upon the rails, as is illustrated in 
Figures 1 and 2» Figure 1 is the main carriage, with four wheels, 
far enough apart to allow the machine to be placed longitudinally 
when being transported from place to place. The screws, Y Y, are 
for raising and lowering the carriage and its cylinder and cutting 
tools. The pinion, Z, and the segmental rack, H, regulate the de- 
sired angle of the tools cutting into the coal face, and the two nuts 

] -- reculate the angle required, when neces- 
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gas was allowed to escape throug! 
furnace wall. This plan had 
1CeR V little difficulty, so long as the gas was 
from the furnace top to a lower level; but con 
siderable difficulties had arisen when the fireplace where the gas had to be burned 
he tuyeres, in whi the necessary power 
even with tbe assistance of an 


nent and 
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té t-kiln was also placed In ah 


torn aces avert near ter 
was inserted in the top of th 
obtaining a higher pressure; while 
the nular space between the C3 

been applied to charcoal-furt 
not required to be d n down 


furnace takir 


the 


was situate down at the level of h case 


‘ 
for drawing the gas down had not been obta 


varies in different mines, it follows that the | 


h thus rises and falls without | 


re of 2-in. bore, wrought-iron, a superior quality of | % 


PLEMENT TO THE MINI 


ordinary largechimney ; and the result had been a greater consumption of fue 

in the furnace instead of a saving. In order to ensure the gas being drawn 
| down, it had been found advantageous to have a pressure of gas in the tube of 
| Not less than '4 in. of water at the furnace top and 1-10th in, near the fireplace 
at the level of the tuyeres. 

In conveying the gas through tubes from the furnace top to the fireplaces it 
was found better to have a positive pressure or plenum Inside the tubes ; so that 
the small openings for leakage round the valves, which could scarcely be avoided, 
might allow the gas to escape, instead of drawing air into the tubes. In the 
fireplace also the combustion was better effected when the gas was delivered 
| there by pressure than when drawn down by means of a draught. It had also 

been found necessary to avoid the horizontal gas tube at the top of the furnace, 
because it was liable to become filled up with dust deposited there from the gas 
taken off ; and it was desirable to conduct the outer end of the gas tube into a 
| water-cistern, which acted both as a receptable for dust and alsoa safety-valve. 
| In coke-furnaces the means of obtaining the requisite pressure in the upper 
| part of the furnace for forcing the gas down from the furnace top had generally 
been by working the furnace with a Close top; but in charcoal-furnaces the 
charge itself acted as a sufficient cover to close the furnace top, the ore being 
crushed to a fine state; and in these furnaces, therefore, it was sufficient to lower 
the opening for the escape of the gas, while the furnace top was left open. The 
close-topped furnaces were worked in many localities in England and on the 
Continent, while the open-topped furnaces were employed in some parts of France, 
Germany, and Sweden ; and in the Swedish furnaces charcoal was used exclu- 
sively. In the case of six open-topped charcoal-furnaces in Sweden, of which he 
had had the management from 1856 to 1860, the hot-blast stoves were removed 
| from the top of the furnaces down to the level of the tuyeres, and the necessary 
| pressure of the gas was obtained by lowering the gas opening down to 14 ft. below 
| the top, the height of the furnaces being 42 feet. No chimney was used in con- 
| nection with the stoves, and no loss of fuel or other objection was caused by tak- 
| ing off the gas so low down in the furnace. 

| inthe plan described in the paper for taking off the waste gas, the use of v 
chimney draught for drawing down the gas from the furnace top had been car- 
ried out toa much greater extent than he had ever seen successfully accom- 
plished before, the gas openings being only 4 feet below the furnace top, which 
was left entirely open, and the gas being drawn down to the ievel of the tuyeres 
entirely by the force of the chimney draught. Such an arrangement appeared 
a retrograde movement in the principle of taking off the waste gas; but having 
had the pleasure of seeing the working of this plan at the Rough Hay Furnaces, 

| he had found that it proved completely successful in practice. The supply of 
eas at the boilers’ appeared to be plentiful, and the combustion was W 
lated; and the whole arrangement was well worthy the attention of everyone 
connected with the working of blast-furnaces. He thought, however, that with 
the gas openings situated at only 4 ft. depth below the open furnace top, and with 

} such a large chimney for drawing off the gas, there would be need of special 
care to keep the furnaces at all times well filled and ilar in the level of t! 

} charge; otherwise air would be drawn down from the top, and entering with 
the gas into the pipes would cause explosion. The reason assigned for placing 
the gas openings so near the top of the furnace was that the consumption of 

| fuel had been found to be increased when the gas was taken off at a lower level; 
but in this respect the experience of the furnaces referred to in the paper dif 
fered from that of the Swedish charcoal furnace well as the continenta 

| coke furnaces, where the gas was taken off at a much pth below the 
top without increasing the consumption of fuel. 
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£110,295 14 G 


Norway. 
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Pomona.. 
Spanis 
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£110,295 
50.708 
14,561 
678 
coecccess «+ £176,245 
COMPANIES BY WHOM THE ORKS WERE PURCHASED. 
if 15,362 
11,745 
11,914 
17,703 


28,121 


Copper Miners’ Company 
Freeman and Co.... 
P. Grenfell and Sons .. .-- 

Sims, Wil ms, and Co 

Vivian and Sons. 

Willams, Foster, 4 

British and Foreign Copper Company 
Mason and Elkington 

Bankart and Sons ...- 

Charles Lambert ... 

Sweetiand, Tuttle, and Co. ...... PPTTy 
Penclawdd Copper Company 

Crown Copper Company 


10,237 
7,764 
15,092 
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6,752 
2,095 
£176,243 1 


Total.occcncecevonevrrrrreeescese 15,278 ereees 
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SALES OF COPPER ORES, 


COPPER ORES SOLD AT THE CORNWALL TICK RTIWr 
Mi QUARTER ENDING JUNE, eas FOR THR 
nes, Tons 
Devon Great Consols..ceccossscecccesecess ue. 
Clifford Amalgamated. 
South Caradon ..... 
Wheal Seton ... 
West Seton ... 
Marke Valley . 
East Caradon ,... 
Wheal Friendship 
Prosper United .. 
Wheal Basset ... 
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West Damsel ..... 1,839 a 
PROIMEe 0 0s0c06 1.737 Fe 
Sotallack .. 11558 4 
Par Consols,. 1 "487 1 
Wheal Rose... 1481 11 
Craddock Moor . 1,418 ; 
Bedford United .... 1,383 1] 
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WOICOATH ceccsecess '308 
East Pool . 1360 is 
Fast Basset .. 1.198 11 
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_ = Caradon .oee. 1,116 19 
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Okel Tor ... ‘ 965 1 
Carn Camborne 
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COMPANIES BY WHOM THE ORES WERE PURCHASED. 
Vivian and Sons 5197 .cccce £24,790 7 
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Mason and Elkington .... 
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Copper Miners Company.... 
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